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Abstract 
The coal fly ashes contain toxic metals in much higher concentrations that are released into the environment by 
thermal power plants based on coal combustion. Disposal of coal fly ash in open and unlined ash ponds causes 
serious adverse environmental impacts due to its elevated metals concentrations and its leaching into soils and 
groundwater. Fate of metals transformed from the three fly ash pond models containing different fly ashes from three 
thermal power plants to the environment is demonstrated in this paper. The arsenic, and chromium increased with age 
of ash ponds FA1 and FA3 while in ash pond FA2, concentrations of all metals deceased but the free water column 
metals concentration was above 150 μg/L. 
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1. Introduction 
A thermal power plant generates large amounts of fly ashes which contain toxic metals [1].  The 
disposal of coal fly ash in ash pond subjects these metal rich materials to conditions that may result in 
further sequestration of the metals or to their release to the environment [2]. The release and transport of 
trace metals from coal fly ash material in the wet storage in the ash ponds is an area of environmental 
concern [3]. The major potential impacts of fly ash disposal in ash pond are leaching of potentially toxic 
substances into soils, surface water and groundwater [4]. 
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The soluble salt content in ashes is closely related to the coal properties and the age of the fly ash and 
also to the pH and other environmental conditions [5]. When fly ash interacts with water, the principal 
processes affecting the leaching are dissolution of primary solids and precipitation of secondary solids as 
well as redox conditions, sorption and hydrolysis reactions [6]. Leaching tests are used as tools to 
estimate the release potential of constituents from fly ash over a range of possible waste management 
activities, including recycling or reuse, for assessing the efficacy of waste treatment and disposal 
processes [7]. The wet disposal of the fly ash into the ash ponds also causes leaching of constituents from 
fly ash due to weathering. Some metals concentration is increased due to leaching of constituents from fly 
ash particles [8].  
 In the present paper, the main focus is to assess the leaching potential of fly ash in the rainwater 
environment and to study the changes in metal speciation and mobility that can occur during wet storage 
of coal fly ash under static conditions. 
2. Literature review 
The continuous long term leaching experiments carried out with the 3.4 kg of fly ash suspended in 17 
L of deionised water to simulate the ash pond environment are presented in reference [9]. An 18 month 
survey was done to assess the environmental impacts of the Tennessee Valley Authority (TVA) coal ash 
spill in Kingston, Tennessee combined with leaching experiments on the spilled TVA coal ash which 
revealed that leachable coal ash contaminants (LCACs), particularly arsenic, selenium, boron, strontium 
and barium had different effects on the quality of impacted environments [10]. There are various 
interactions that occur when fly ash and water come together, which include precipitation/ dissolution, 
complex formation, adsorption/ desorption and redox reactions, which are bound to control the 
mechanisms of mobilization of toxic metals in the water [11]. The concentration of metals in fly ash and 
the incorporation of the metals into secondary solid phases as a result of weathering reactions also 
determine the rates and amounts of metals released into water column during leaching. Leaching of trace 
metals from combustion residues is a very slow process and the solid and liquid phase equilibrium may 
not be attained even with long leaching times [12]. 
The pH of fly ash is usually determined by the amounts of acidic and alkaline components in a soluble 
fraction of the fly ash. For example, the high pH of the leachate of fly ash is due to the dissolution and 
hydrolysis of alkali-earth and alkali metal oxides present on the surface of the fly ash [13]. 
More than 65000 acre of land in India is occupied for storage of fly ash in ash storage ponds which is 
leading to the wide spread contamination of soil as well as surface and ground water [14]. The purpose of 
characterization of the ash basins waters of the thermal power plants can help identify constituents of 
concern from an environmental perspective [15]. 
3. Material and methods 
3.1. Materials 
Three coal fly ashes named as Fly Ash #1(FA1), Fly Ash #2 (FA2) and Fly Ash #3 (FA3) were 
collected from dust hoppers of electrostatic precipitators of three full-scale thermal power plants in and 
around Maharashtra, India. Two power plants are using bituminous and sub-bituminous coals mined from 
Indian coal fields while one is using coal imported from Indonesia. The ash content of FA2 is about 1.9% 
while that of FA1 and FA3 is 25% and 38%, respectively. Coal fly ash FA2 is class C ash being calcium-
rich with greater than 10% calcium oxide while FA1 and FA2 are silica-rich class F having less than 10% 
calcium oxide. All fly ashes were characterized using Philips X-ray Fluorescence (XRF) 
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Spectrophotometer. 
Ultra pure water produced by Simens Ultra Clear water kit was used for washing glassware and 
preparing reagents. The nitric and hydrochloric acids were trace metal grades. All chemicals were 
purchased from Merck and Sigma Aldrich, India. 25 element custom standard in 5% HNO3 was used for 
calibrating Jobin Yvon Horib ICP-AES. 
3.2. Ash pond experiments 
Three synthetic ponds of size 30 cm x 30 cm x 31 cm were fabricated in perplex sheets. Fly ashes were 
mixed with rainwater in 1:1 ratio by mass and ponds were filled up to a height of 20 cm while 
maintaining a free water column height of 10 cm above the fly ash surface in each ash pond.   
Over the course of eleven months, the water above the ash was sampled once every month. The water 
was analysed for pH using Orion pH meter and dissolved metals using ICP-AES.   
3.3. Quantification of metals concentration 
The free water column samples were diluted with 1:2 dilution factors. For each sample, the 
concentrations of metals were measured using ICP-AES. The operating conditions of ICP-AES are shown 
in Table 1. 
Table 1. ICP-AES instrumental and operational conditions 
Parameters Value/Type 
RF generator power 1.0 kW 
RF frequency 40 MHz 
Plasma 12.0 L/minutes 
Auxillary 0.75 L/minutes 
Nebulizer type V-type 
Nebulizer make Glass concentric 
Nebulizer pressure 2.90 bars 
Nebulizer flow rate 0.85 L/min 
Spectrometer Monochramator 
Analyzer PMT 
Integration time 3 Seconds 
Replicates 2 
4. Results and discussion 
4.1. Composition of fly ashes 
Total major elemental composition was determined with the help of X-Ray Fluorescence Spectrometer 
for all the ashes. The compositions of coal fly ashes are provided in Table 2. 
Table 2. Composition of fly ashes 
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Major oxides (wt %) FA 1 FA 2 FA 3 
SiO2 61.00 35.32 62.00 
CaO 2.18 18.81 1.03 
Al2O3 23.67 27.82 26.3 
Fe2O3 7.51 10.64 5.50 
MgO 1.02 3.00 0.75 
Na2O 0.17 1.03 0.10 
P2O5 0.25 0.14 0.35 
TiO2 1.66 0.72 1.61 
K2O 0.65 0.63 0.41 
BaO 0.08 0.12 0.06 
SrO 0.12 0.12 0.13 
MnO 0.04 0.08 0.05 
SO3 0.25 0.47 0.11 
LOIa 1.40 1.10 1.60 
Total 100.00 100.00 100.00 
a LOI is loss on ignition, which represents the unburned carbon  
content in the fly ash samples 
4.2. Variation of pH with age 
The variation of pH in various ash ponds for 11 months is shown in Figure 1. The results show that 
pond water pH increased from 5.9 to 11.54 for FA2 ash and 9.77 and 9.7 for FA1 and FA3 ashes 
respectively.  
 
Fig. 1. Variation of ph with respect to aging of ash ponds 
This increase in pH with to the aging was due to the dissolution of CaO and Al2O3 in the solid phase.  
After that, the pH decreased slowly over time due to the uptake of CO2 from the atmosphere. 
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4.3. Variation of metals with age 
The concentrations of toxic metals contents in water columns of various ash ponds for 11 months have 
been analyzed so far. The changes in the toxic metals concentrations with respect to the aging time of coal 
fly ash are shown in the Figure 2.  
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Fig. 2. Dissolved concentrations of metals in free water columns for (a) FA1, (b) FA2 and (c) FA3 coal fly ashes 
Arsenic, selenium, chromium, zinc, lead, and barium were the main toxic metals detectible in the free 
water columns of all three ash pond as shown in Figure 2 (a), (b) and (c). The amount of arsenic and 
chromium metal concentrations increased with aging time for the silica rich coal fly ashes FA1 and FA3 
coal whereas these decreased in concentration for the calcium rich coal fly ash FA2. The selenium, zinc, 
lead and barium concentrations were seen to be decreasing in all the three coal fly ashes. 
5. Summary and conclusions 
The water discharge from silica-rich coal fly ash ponds could contribute to leaching of arsenic and 
chromium to surface water and groundwater in addition to contaminating the nearby soils. 
Though concentrations of other metals leached from ash ponds reduced with time in Ca-rich ashes, 
still it was above 150 ppb in most of the cases. The practice of disposal fly ash in unlined ash ponds could 
be considered as environmental unsafe.  
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